The main objective of the work presented in this thesis, deals with the development of state-ofthe-art's high performance (a-Al 2 O 3 , ZrO 2 , Al2O 3 -ZrO 2 ) ceramics with full density, defect-free, finegrained microstructure and high mechanical properties based on colloidal processing using slip casting technique. To date, there is however no through systematic study of microstructure and mechanical development through colloidal processing. Thus, in this thesis a systematic colloidal dispersion methodology process has been established by using of a new and efficient commerical type of anionic polyelectrolyte (Dolapix CE64) dispersant based on electrosteric stabilization phenomena for: i) removing of the processing defects and controlling of the colloidal stability of highly concentrated (77 wt.%, based on dry powder) suspensions of the different applied commercial powders, and ii) finding the optimum processing conditions for preparation of stable slurries with high solids phase content for the production of homogeneous slip-cast, highly densed high performance ceramics with improved microstructure and final properties, as well as to correlate the slurry properties to the microstructure and final mechanical properties. The investigation was rather comprehensive (with especial focuse on the pre-firing stages), accounting for all processing steps from powder processing, suspension preparation, dispersion and suspension rheology, colloid and surface chemistry, consolidation and sintering. In this investigation, the important tools for the development of high performance ceramics have been the use of: i) colloidal dispersion and rheology measurement, ii) colloid and surface chemistry, using an advanced electroacoustic method, which is called "electrokinetic sonic amplitude (ESA)" technique; and iii) consolidation via slip-casting process, followed by developing of a novel theoretical prediction hypothesis which was needed to efficiently and effectively illustrate the role of the adsorbed anionic polyelectrolyte dispersant distribution on nano/micro-sized particle surface and on the stability of different concentrated colloidal systems, based on the electrosteric stabilization mechanism. Thus the ultimate goal was of course to combine these three main approaches of thesis objective in order to obtain high performance ceramic materials with optimized final properties.
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In order to prepare well-dispersed and optimal high concentrated ceramic suspensions for slip casting applications, three different rheological flow models including of the power law (Ostwald-de Waele), the Herschel-Bulkley and the Bingham models have been applied for prediction of colloidal stability and estimation of the yield value (t 0 ) on the stability of highly concentrated powder suspensions. Yield stress (t 0 ) parameters obtained from different flow models sig-
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Hamid Sarraf nificantly exhibited the dependence on the amount of dispersant added (i.e. on the interparticle colloidal forces). However, an optional result from this work exhibited that HerschelBulkley and Bingham yield stress (t 0 ) parameters can be successfully used to study the correlation between rheology and electrokinetic and the green density of compacts obtained by slip casting. In the second approach of this work, the investigation deals with the characterization of the electrokientic properties of low and highly concentrated suspensions by application of an advanced electroacoustic "ESA" technique. It was evidently confirmed that electroacoustic "ESA" technique not only provides a convenient and reliable method of rapidly measuring the electrokinetic properties (i.e, z-potential, ESA and pH values) of different concentrated colloidal dispersions close to the processing conditions but also can be use for prediction of the quality and stability of high concentrated suspensions.
The results obtained quantitatively from different methodological tools were satisfactorily approved in a good line with the suggested-theoretical prediction hypothesis of this work which qualitatively explain the electrosteric stabilization phenomena, therefore it can be used for prediction of both colloidal dispersion of high concentrated suspensions and developing of different high dense high performance ceramics. In the shaping and sintering steps, the relationships which exist among the rheological properties of the suspensions, porous structure of the consolidated bodies and densification behavior/microstructure of the sintered bodies were established. The results obtained from several measurement techniques such as Hg-porosimetry, Archimedes' method, scanning electron microcope (SEM) significantly shown that the process optimization based on colloidal dispersion enables the generation of homogeneous, defect-free, high dense and controlled finegrained microstructure of different types of high performance ceramics with desired high mechanical properties, indeed. Finally, as a significant result from this Ph.D. thesis, a new generation of high performance alumina-toughened zirconia (ATZ) ceramic composite with high dense, finegrained homogeneous microstructure of nearly 100% of its theoretical density has been successfully developed based on colloidal processing. This ceramic composite is characterized by a very high mechanical strength (3-point bending strength test) up to 1075 MPa. This new ceramic composite is considered to be one of the most suitable materials to be used as strong bioinertceramic composite. It could be good choice for preparing of orthopaedic implants and could extend the lifetime of the artificial hips as well as could acquire a niche on the biomaterials market.
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